A possible role for Mg2+ ions in the induction of meiotic maturation of Xenopus oocyte.
Progesterone induces in vitro the meiotic cell division of Xenopus full-grown oocytes. Microinjection into oocyte of a solution containing Mg2+ (20 mM) facilitates by one order of magnitude the dose of progesterone which induces 50% of germinal vesicle breakdown. Microinjected in the absence of hormone, Mg2+ and also Mn2+ can induce maturation with efficiencies of, respectively, 24% (SEM = 8; n = 13) and 70% (SEM = 6; n = 23). The dose-response curves of cation-induction of maturation show an optimum of 20 mM for Mg2+ and 15 mM for Mn2+ (pipet concentration); higher doses were less active. Cation-induction of maturation is inhibited when oocytes are preincubated with cholera toxin (500 ng/ml); nevertheless, it cannot be interpreted at the level of cAMP, since both Mg2+ and Mn2+ microinjections provoke an increase in the oocyte cAMP content. Mg2+ induction of maturation is more efficient when oocytes are incubated in trimethylamine at pH 8.2, which is known to increase intracellular pH suggesting an action at the level of alkali pH-sensitive enzymes. Altogether, our results indicate a positive role for Mg2+ ions in the induction of oocyte maturation and raise an attractive hypothesis about the respective roles of cAMP and Mg2+ changes involved in the mechanism of progesterone action. Our results also show that co-injection of 2-glycerophosphate and Mg2+ ions, which are both commonly used in the preparation of the MPF mitotic factors from dividing cells, induces oocyte maturation more efficiently than Mg2+ alone and drastically shortens the kinetics of germinal vesicle breakdown to 1 h 30 min to 2 h 30 min.